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(57) ABSTRACT

A control apparatus for a range changeover device checks
whether an actual range agrees with a target range. If the
actual range differs from the target range, the control appa-
ratus performs vehicle driving force restriction control irre-
spective of a presence/absence of abnormality in a range
changeover operation. The control apparatus may restrict an
engine output power by closing a throttle valve of the engine
to around an idle position, thereby restricting the vehicle
driving force.
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CONTROL APPARATUS FOR SHIFT RANGE
CHANGEOVER DEVICE

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is based on and incorporates herein
by reference Japanese Patent Application No. 2007-20204
filed on Jan. 30, 2007.

FIELD OF THE INVENTION

[0002] The present invention relates to a control apparatus
for a shift range changeover device that controls an electric
actuator such as an electric motor to change over gear shift
ranges in response to a shift range changeover operation of a
driver.

BACKGROUND OF THE INVENTION

[0003] Vehicles are controlled electronically more and
more in recent years. For example, in JP 2004-125061A, a
gear shift range changeover operation by a gearshift lever of
an automatic transmission is detected by a switch, etc. Based
on the detection signal, an electric actuator such as an electric
motor is controlled so that a range of a shift range changeover
device is changed over to a target range selected or instructed
by a driver of a vehicle. This is a shift-by-wire range
changeover control system.

[0004] Furthermore, in IP 2004-125061A, abnormal opera-
tion of a vehicle is prevented at the time of failure of the
automatic transmission. That is, an actual shift range of the
automatic transmission is detected and the detected range is
compared with the target range selected by the driver. The
presence/absence of abnormality of the automatic transmis-
sion is determined based on whether the detected actual range
agrees with the target range. When abnormality is deter-
mined, a driving power transfer system from the engine side
to the driving wheel side is interrupted, so that the output
power of the engine is not transmitted to the driving wheel.
[0005] The shift range is changed over to the target range,
after the driver makes a target range changeover operation
and the motor is driven to effect the changeover. As aresult, a
range changeover delay is caused in correspondence to a
motor drive time from an instruction of the changeover of the
target range to a completion of an actual changeover. There-
fore, it becomes necessary not to determine the presence/
absence of abnormality for a predetermined wait period after
the target range is changed over. This predetermined wait
period is set longer than a changeover operation delay period
in the range changeover device. The presence/absence of
abnormality in the automatic transmission is thus determined
after the predetermined wait period elapses by checking
whether the actual range is the same as the target range.
[0006] In such abnormality determination, a detection
delay is caused until the abnormality is detected after the
target range is changed over. This detection delay corre-
sponds to at least a range changeover operation delay time.
Therefore, it is impossible to restrict the vehicle from abnor-
mal operation during the abnormality detection delay, when
the abnormality actually arises.

[0007] Even when the range changeover device operates
normally according to a changeover in the target range, an
accelerator pedal is sometimes pressed down for engine
acceleration before the range changeover to the target range is
completed. In this instance, with the previous range before the
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range changeover, that is, a range which the driver does not
want any more, the engine output power may increase and
vehicle driving force may increase. Thus, it is likely that the
vehicle operates abnormally, although the driver does not
expect such an operation.

SUMMARY OF THE INVENTION

[0008] It is therefore an object of the present invention to
provide a control apparatus for a shift range changeover
device, that restricts abnormal operation of a vehicle before a
completion of a shift range changeover irrespective of a
present/absence of abnormality in a shift range changeover
operation.

[0009] According to one aspect, a control apparatus is pro-
vided for a range changeover device, which includes an elec-
tric actuator as a drive source an changes over shift ranges of
an automatic transmission. The control apparatus has a range
input device, a changeover control device, a range detection
device and a driving force restriction device. The range input
device inputs a target shift range selected by a driver. The
changeover control device controls the electric actuator in
response to the target range to change a range of the range
changeover device to the target range. A range detection
device detects the actual range of the range changeover
device. The driving force restriction device performs driving
force restriction control to restrict a vehicle driving force until
the actual range comes to agree with the target range irrespec-
tive of a presence/absence of abnormality in a range
changeover operation, when the actual range is different from
the target range.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The above and other objects, features and advan-
tages of the present invention will become more apparent
from the following detailed description made with reference
to the accompanying drawings. In the drawings:

[0011] FIG. 1 is a perspective view of a shift range
changeover device, which is controlled by a control apparatus
according to one embodiment of the present invention;
[0012] FIG. 2 is a block diagram of the control apparatus
for the range changeover device shown in FIG. 1; and
[0013] FIG. 3 is a flowchart of a shift range monitoring
process executed by the control apparatus shown in FIG. 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0014] Referring first to FIG. 1, a shift range changeover
device 11 is provided in an automatic transmission 12 of a
vehicle. The changeover device 11 is for changing over a gear
shift range of the automatic transmission 12 to, for example,
aparking range (P), a reverse range (R), a neutral range (N) or
a drive range (D). The range may be defined as a gear shift
position. An electric motor 13 that is a driving source of the
range changeover device 11 is configured by, for example, a
synchronous motor such as a switched reluctance motor (SR
motor), and has a reduction mechanism 14 (FIG. 2) incorpo-
rated thereinto. An output shaft sensor 16 that detects the
rotational position of an output shaft 15 which is coupled with
the rotational shaft of the reduction mechanism 14 is disposed
at the rotational shaft of the reduction mechanism 14. The
output shaft sensor 16 is configured by a switch having four
contacts which turn on in a rotational angle range correspond-
ing to the respective shift ranges of P, R, N and D. The output
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shaft sensor 16 determines which contact is in an on-state, to
thereby detect the present or actual shift range (output shaft
rotational position).

[0015] The output shaft 15 is fixed with a detent lever 18 for
changing over a manual valve 17 of a hydraulic circuit of the
automatic transmission 12. The detent lever 18 is fixed with
an L-shaped parking rod 19, and a conical body 20 that is
disposed at the leading section of the parking rod 19 is abutted
against the lock lever 21. The lock lever 21 is so designed as
to vertically move while being centered on the shaft 22
according to the position of the conical body 20 to lock or
unlock the parking gear 23. The parking gear 23 is disposed
on the output shaft of the automatic transmission 12. When
the parking gear 23 is locked by the lock lever 21, the driving
wheels of a vehicle are held in a stop state (parking state).

[0016] Also, the detent lever 18 is coupled with a spool
valve 24 of the manual valve 17. The detent lever 18 is rotated
integrally with the output shaft 15 by the aid of the motor 13
to change over the position of the spool valve 24 of the manual
valve 17 in such a manner that the hydraulic clutch which is
built in the automatic transmission 12 is changed over to any
state of the P-range, the R-range, the N-range, and the
D-range.

[0017] The detent lever 18 is formed with five retentive
recesses 25 for retaining the detent lever 18 to positions
corresponding to the respective ranges. A leaf detent spring
26 for retaining the detent lever 18 to positions corresponding
to the respective ranges is fixed to the manual valve 17. An
engagement section 27 that is disposed on a leading end of the
detent spring 26 is fitted into the retentive recesses 25 of a
target range of the detent lever 18. As a result, the detent lever
15 is retained at the rotating position of the target range, and
the position of the spool valve 24 of the manual valve 17 is
retained at the position of the target range. The detent mecha-
nism 28 is constituted by the detent lever 18, the detent spring
26 and the like.

[0018] In the P-range, the parking rod 19 is moved in a
direction of approaching the lock lever 21. A thicker portion
of the conical body 20 pushes up the lock lever 21, a convex
(projection) 21a of the lock lever 21 is fitted into the parking
gear 23 to lock the parking gear 23. With the above operation,
the output shaft (driving wheels) of the automatic transmis-
sion 12 is held in the locked state (parking state).

[0019] Intheranges other than the P-range, the parking rod
19 moves away from the lock lever 21, and the thicker portion
of the conical body 20 exits from the lock lever 21, and the
lock lever 21 moves down. With the above operation, the
convex 21a of the lock lever 21 is disengaged from the park-
ing gear 20 to cancel the lock of the parking gear 20, and the
output shaft of the automatic transmission 12 is held in a
rotatable state (travelable state).

[0020] As shown in FIG. 2, the motor 13 is equipped with
an encoder 31 for detecting the rotational position of a rotor.
The encoder 31 is constituted by, for example, a magnetic
rotary encoder. The encoder 31 is so designed as to output
pulse signals of an A-phase, a B-phase, and a Z-phase to a
shift range changeover control device 32 in synchronism with
the rotation of the rotor of the motor 13. A shift range
changeover control ECU 33 counts both of the leading edge
and the trailing edge of the A-phase signal and the B-phase
signal which are output from the encoder 31. The ECU 33
then changes over the energizing phase of the motor 13 in a
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given order by means of the motor driving circuit 34 accord-
ing to the encoder count value, to thereby rotationally drive
the motor 13.

[0021] Inthis situation, the ECU 33 determines the rotating
direction of the rotor according to the occurrence order of the
A-phase signal and the B-phase signal. Inthe positive rotating
direction (the rotating direction from the P-range to the
D-range), the encoder count value is counted up. In the nega-
tive rotating direction (the rotating direction from the D-range
to the P-range), the encoder count value is counted down.
With the above operation, even if the motor 13 rotates in any
direction of the positive rotation or the negative rotation, a
correspondence relationship between the encoder count value
and the rotational position of the motor 13 is maintained. For
this reason, in any rotating direction of the positive rotation
and the negative rotation, it is possible to detect the rotational
position of the motor 13 by the encoder count value to ener-
gize a coil winding of a phase corresponding to the rotational
position to rotationally drive the motor 13. The Z-phase signal
of the encoder 31 is used to detect the reference rotational
position of the rotor.

[0022] The output shaft sensor 16 is used as a shift range
detecting means for detecting the actual range of the range
changeover device 11. It is possible to detect the actual range
by using the count value of the encoder 31 in place of the
output shaft sensor 16. That is, the encoder 31 may be used as
the shift range detecting means.

[0023] When a shift lever (not shown) of the automatic
transmission 12 is operated by a driver, a range detection
device (range input means) 36 detects the position of the shift
lever, that is, a shift range selected by the driver as the target
range. The output signal of the range detection device 36 is
inputted as a target range signal to the range changeover
control ECU 33. The range changeover control ECU 33 sets a
target rotational angle (a target count value of the encoder)
corresponding to the target range, and starts to supply current
to the motor 13. The motor 13 is feedback-controlled to stop
at a position, which corresponds to the target count value of
the encoder.

[0024] After the target range is changed over by the range
changeover operation of the driver, the motor 13 is driven to
rotate so that the actual range is changed over to the target
range. As aresult, a range changeover delay corresponding to
a drive period of the motor 13 is caused from the changeover
operation of the target range to the completion of actual
changeover to the target range. Therefore no determination is
made during a predetermined wait period, which is set to be
longer than the changeover delay period starting from the
changeover operation of the target range. After this wait
period, the presence/absence of abnormality in the range
changeover operation is determined based on whether the
actual range is the same as the target range. Thus a detection
delay, which corresponds to at least the range changeover
delay time, is necessarily caused until abnormality in the
range changeover operation is detected after the changeover
operation of the target range.

[0025] When any abnormality actually arises, it is impos-
sible to prevent a vehicle from operating abnormally during
the detection delay period until the abnormality is detected.
Even when the shift range changeover device 11 operates
normally in response to the changeover operation of the target
range, it may often occur that an accelerator pedal is pressed
down for acceleration before the range is actually changed to
the target shift range. In this instance, the engine output power
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and hence a vehicle driving force will increase in such a shift
range, which is not the instructed target range and not
intended by the driver. Thus it is likely that the vehicle will
operate abnormally in opposition to the expectation of the
driver.

[0026] Therefore, it is monitored during operation of the
engine whether the actual range detected based on the output
signal of the output shaft sensor 16 is the same as the target
range. [fthe actual range is different from the target range, the
vehicle driving force restricted by the vehicle driving force
restriction control until the actual range becomes the same as
the target shift range irrespective of the presence/absence of
abnormality in the range switching operation. Thus, whether
the changeover operation is abnormal or not, the vehicle is
controlled not to operate abnormally until the target range is
attained.

[0027] The vehicle driving force restriction control may
restrict the vehicle driving force within the automatic trans-
mission 12 by, for example, weakening the engaging force of
frictional engagement members such as clutches inside the
automatic transmission 12. Alternatively, the vehicle driving
force may be restricted by restricting output of the engine,
which is a driving force of a vehicle, in the vehicle driving
force restriction control. In restricting the engine output, for
instance, a throttle valve may be restricted from being opened
or the throttle valve may be controlled in the closing direction
forcibly. Further, the ignition time points may be retarded or
fuel supply to some of engine cylinders may be cut off to
operate the engine with reduced number of combustions.

[0028] More than two of the above restriction control
examples may be combined in the vehicle driving force
restriction control. By restricting the engine output power as
above, the vehicle driving force can be surely restricted.

[0029] According to this embodiment, the range
changeover control ECU 33 or an engine control ECU 37 is
provided as a control means and programmed to execute a
range monitoring routine shown in FIG. 3 at a predetermined
interval during engine operation.

[0030] Specifically, it is checked at step 101 whether the
actual range detected based on the output signal of the output
shaft 16 during the engine operation agrees with the target
range. [fthe actual range is in agreement with the target range,
a driving force restriction control flag is turned off at step 102
not to execute the vehicle driving force restriction control. In
this case, no driving force restriction is performed. An air
suction system (electronic throttle system 38), an ignition
system and a fuel system are controlled normally to produce
a vehicle driving force in correspondence to an accelerator
operation of the driver and engine operation conditions.

[0031] Ifthe actual range is different from the target range,
the vehicle driving force restriction control flag is turned on at
step 103 to execute the driving force restriction control irre-
spective of the presence/absence of the range changeover
operation. In this case, for instance, the engine control ECU
37 sets a target throttle position to around an idle position for
engine idling operation, and an electronic throttle system 38
responsively closes the throttle valve toward the idle position.
[0032] With this control, the engine output power can be
surely reduced to a minimum output power level required to
maintain the idle operation of the engine and prevent the
engine from stalling in the course of the vehicle driving force
restriction control. As a result, the vehicle is surely restricted
from operating abnormally.
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[0033] As described above, if the actual range is different
from the target range, the vehicle driving force restriction
control is performed until the range is actually changed over
to the target range, whether any abnormality in the range
changeover operation is present or not. If any abnormality
actually arises in the range changeover operation, the vehicle
can be controlled not to cause abnormal operation by the
vehicle driving force restriction control even before the
abnormality in the range changeover operation is detected.
[0034] The accelerator may be pressed down to accelerate
the engine before the range is actually changed over to the
target shift range under a condition that the range changeover
device 11 is operating normally in response to the changeover
operation of the target range. Even in this case, the vehicle can
be controlled not to cause abnormal operation by the vehicle
driving force restriction control.

[0035] Thus, irrespective of the presence/absence of abnor-
mality in the range changeover operation, the vehicle can be
controlled not to produce any abnormal operation until the
range is actually changed over to the target range.

[0036] In the range changeover device shown in FIG. 1,
four ranges of P, R, N, D of the automatic transmission 12 are
changed over by a rotational movement of the detent lever 18.
It is also possible to change over among five or more ranges or
change over between only two ranges, which are P-range and
the other range (non-P range).

[0037] In a transmission system having a plurality of for-
ward drive ranges (e.g., L-range, 2nd-range in addition to
D-range), both the actual range and the target range may be in
the forward drive range. In this instance, even if the actual
range and the target range are different from each other, the
vehicle driving forces are in the same direction. Therefore it is
less likely that the abnormal operation of the vehicle becomes
noticeable. Therefore, no vehicle driving force restriction
control will be necessitated, if the actual range and the target
range are both drive ranges for driving the vehicle in the
forward direction.

[0038] It will suffice that the vehicle driving force restric-
tion control is performed irrespective of the presence/absence
of abnormality in the range changeover operation until the
actual range comes to agree with the target range only in the
following situations:

changeover between the non-drive range (P or N) and the
drive range (D);

change over between the non-drive range (P, N) and the
reverse range (R); and

changeover between the drive range (D) and the reverse range
[R).

[0039] The range selected by the shift lever and detected by
the range detector 36 may be selected by a driver by any
operation members other than the shift lever. The above
embodiment may be implemented in many other ways such as
by modifying the structure of the range changeover device 11.

What is claimed is:

1. A control apparatus for a range changeover device,
which includes an electric actuator as a drive source to change
over shift ranges, the apparatus comprising:

a range input means that inputs a target shift range selected

by a driver;

a changeover control means that controls the electric actua-

tor in response to the target range to change a range of the
range changeover device to the target range;
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arange detection means that detects the actual range of the
range changeover device; and
a driving force restriction means that performs driving
force restriction control to restrict a vehicle driving force
until the actual range comes to agree with the target
range irrespective of a presence/absence of abnormality
in a range changeover operation, when the actual range
is different from the target range.
2. The control apparatus according to claim 1, wherein the
driving force restriction means restricts the vehicle driving
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force by restricting an output power of an engine, which
drives the vehicle, during execution of the vehicle driving
force restriction control.

3. The control apparatus according to claim 1, wherein the
driving force restriction means restricts the vehicle driving
force by restricting a throttle valve position to around a posi-
tion of idling an engine during execution of the vehicle driv-
ing force restriction control.
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